Objective: To assess acute neurological complications and neurological sequelae of childhood acute bacterial meningitis in order to determine possible warning signs.
Introduction
Acute bacterial meningitis (ABM) is an inflammatory process of the leptomeninges and the subarachnoid space. 1 Despite intensive care and therapeutic developments, the condition is still responsible for a high rate of morbidity and mortality. [2] [3] [4] It is among the 10 major causes of mortality from infectious disease over the world, mainly in the pediatric population. 5 There are few studies conducted in Brazil or in countries with similar conditions regarding morbidity and lethality of ABM. Furthermore, few national and international studies have evaluated the association between acute neurological complications and initial clinical presentation, management and progress of patients, with focus on neurological sequelae, considering acute neurological complications as neurological sequelae or symptoms. [6] [7] [8] [9] [10] We highlight the importance of making an effort to identify children more prone to develop acute neurological complications and neurological sequelae, so that a Childhood acute bacterial meningitis: risk factors for acute neurological complications and neurological sequelae Sérgio A. Antoniuk, 1 Fátima Hamdar, 2 Renata D. Ducci, 2 Ariane T. F. Kira, 2 Mônica N. L. Cat, 1 Cristina R. da Cruz 1 multidisciplinary team may plan a long-term follow-up and assure an adequate rehabilitation of those patients. 3, 4 The objectives of the present study were to evaluate the acute neurological complications and the neurological sequelae resulting from ABM of unknown etiology, to characterize these children from a clinic and laboratory point of view, and to identify clinical/laboratory variables with potential to predict neurological sequelae and complications.
Methods
This was a cross-sectional, observational study conducted For all the tests, we considered a minimum significance level of 5%, with power of 95%.
This study was approved by the Human Research Ethics
Committee of the HC-UFPR.
Results
The study sample included 44 children, between 2 months and 145 months of age (median of 40 months), and 63.6%
of them were male. The most frequent etiology agents Table 1 . The symptoms that presented significantly different frequencies between the groups were seizure (p < 0.001) and alteration of the level of consciousness (p = 0.02).
Regarding the findings in the physical examination, the presence of petechiae was more frequent in the group of children without neurological complications (p = 0.02).
In relation to infants, bulging fontanelle was predominant among those with neurological complications (p = 0.01) ( Table 1) .
In Table 2 In Table 3 We observed a tendency of inverse correlation between age and acute neurological complications (p = 0.06).
Bacterial meningitis due to S. pneumoniae was selected as risk factor for the development of acute neurological
complications (odds ratio [OR] = 6.4; confidence interval
[CI] 1.7-24.7) and neutropenia < 60% (p < 0.01).
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Acute neurological complications
Yes (n = 17) No (n = 27) p* OR Table 4 .
Regarding cranial nerve involvement, there were two cases of oculomotor nerve involvement and three of vestibulocochlear nerve.
The median age of the group of patients with neurological sequelae was 14.5 months (4-87 months), considering that in 50% of the cases, the patients were less than 1 year of age. As for the gender, 71.4% were male.
Regarding the therapeutic, all the patients of both groups received empiric treatment with ceftriaxone. However, we 
Discussion
In the present study, we observed a predominance of male both in the general sample and within the group of patients with acute neurological complications and/or neurological sequelae, which has already been indicated by other authors. 11, 12 Because the initial clinical manifestations in the groups with and without acute neurological complications were unspecific, they corroborate the high suspicion of bacterial meningitis in pediatric patients. [13] [14] [15] Regarding the etiologic agent, we noticed predominance of N. meningitidis and S. pneumoniae instead of H.
influenzae type B, possibly due to the Hib vaccine high coverage and efficacy. 12, [16] [17] [18] The recent literature indicates that childhood ABM is associated with a high risk of complications and neurological sequelae, with a percentage of approximately 40%, 6, 19 besides a considerable mortality rate, which can reach 4% to 10%. 13 In the present study, this frequency was 38.6%, with a mortality rate of 4.5%, a finding similar to the one Regarding acute neurological complications, the frequency of seizure episodes and cranial nerve involvement found in the present study corroborate recent studies. 14, 20 In our sample, the warning signs for acute neurological complications were: presence of seizure episodes at admission, neutropenia < 60%, low age group, and S.
pneumoniae. Because the absence of alteration in the level of consciousness and the presence of petechiae indicated potential infection with N. meningitidis, they showed a more favorable evolution of the patients. Our warning signs for morbidity resulting from ABM are compatible with the literature. 3, 13, 15, 16, 21, 22 There was only a divergence regarding laboratory findings, since in the present study, neutropenia, instead of leucopenia, 16 was suggested as a warning sign for acute neurological complication.
Although focal neurological alteration and irritability as clinical onset are not usually pointed out as bad prognostic factors, in the present study, they tended to be more frequent in the patients with acute neurological complications.
The most frequent sequelae found in our study were behavior alteration, delayed psychomotor development, mental retardation, epilepsy, and cranial nerve involvement, which is in agreement with other authors' findings. 3, 12, 22 It is important to highlight that several studies have reported hearing impairment as one of the most important and frequent sequelae in childhood ABM. 3, 12, 19, 22, 23 This information was not confirmed in the present study, once only 11 audiological evaluations were recovered among the 35 patients who were followed-up, from which two presented conductive hearing impairment. It is worth mentioning that all patients used intravenous corticosteroids on the first day of treatment, because this is a routine procedure at our institution based on evidence of the efficacy of intravenous corticosteroids in the prevention of deafness in controlled studies. 24 Regarding age, some authors have suggested that infants with less than 12 years of age are at a higher risk of developing sequelae. 12 In the present study, the median age among patients with sequelae was 14.5 months (4-87) and, among the infants without sequelae, the median age was 53 months (3-145).
Although it has been reported in the literature that alteration of level of consciousness is a risk factor for the development of sequelae, 12, 21 in the present study, there was no significant difference in relation to this variable between the groups with or without sequelae. According to Roine et al. (2008) , the level of consciousness is a major predictor of a poor prognosis. 4, 21 However, in our sample, we found a difference only when the presence of coma was taken into consideration. This fact was demonstrated by Shingi et al. (2007), who concluded that a Glasgow Coma Scale lower than eight at admission is an independent predictor of neurological sequelae. 4 Several authors have reported the presence of seizure episodes as an important factor of poor prognosis. 3, 4, 11, 12, 24, 25 According to the study by Natalino & Moura-Ribeiro (1999), neurological sequelae were detected in 36% of the patients who had epileptic manifestations. 11 In agreement with these findings, in the present study, the presence of seizure at admission was considered a risk variable for the development of neurological sequelae.
According to Grimwood et al. (1995 and 2000) and Koomen et al. (2005) , the risk of sequelae is higher in those individuals who have acute neurological complications during the course of the disease. 6, 8, 26 This is in agreement with the present study, since the patients with neurological sequelae had higher frequency of acute neurological complications.
Therefore, it is important to stress the relevance of the factors pointed out by the present study as being associated with acute neurological complications, once they are closely related to neurological sequelae.
An association between meningitis caused by S.
pneumoniae and unfavorable evolution has been suggested in the literature. 13, 27, 28 In our study, no statistical difference was found when the etiologic agents were compared regarding the presence of sequelae. However, we found a difference when comparing the agents in term of presence of acute neurological complications; thus infection with S. pneumoniae was considered a risk factor for acute neurological complication.
Unfavorable evolution has been being associated with low cerebrospinal fluid cell count. 16 Cerebrospinal fluid cell counts lower than 1,000/mm³ 12 and lower or equal to 200/mm³ 28 have been related to a poor prognosis in ABM. Furthermore, cerebrospinal fluid protein concentration higher or equal to 330 mg/dL was considered as a risk factor for a worse prognosis by Tsai et al. 28 The levels of 
